Declassified in Part - Sanitized Copy Approved for Release 2012/01/12 : CIA-RDP80T00246A018600710001-7

50X1-HUM

\0
<

Next 1 Page(s) In Document Denied

Q”Q@

Declassified in Part - Sanitized Copy Approved for Release 2012/01/12 : CIA-RDP80T00246A018600710001-7



G M (3 o W

»Re@?.lﬁssiﬁed in Part - Sanitized Copy Approved for Release 2012/01/12 : CIA-RDP80T00246A018600710001-7

ANILUENICYE Ul INUHN™ULILLULIL LUAQG HAWUIL Vil AL iidA VUL 4 tedwas ~
y w
‘:i;. » »” .

Sl ? *_ ' Mo Kocsis ‘ ‘
~“Industrial Researth Institute for Telecommunication Technicuse .
Budapest /Hungary/ '

.

"Myteriousﬁfailurqs_are often encountered, when.transistors are H>verated
in switohing oirouits, in spite of provisions made %o prevent ov.rload.

Collector-to=emitter shorts may suddenly develop although ihe em.l.ar-base
and colleotor-base’ diodes are still good. This phenomenon may be cxplained
by the supposition .that.inside ‘the transistor a p-type channel interconnec
ing the emitter and the collector appears in the n-type base reglon, [fhese
considerations hold for p-n-p transistors/.) =~ S . .

The narrow channels, causing shorts, have been microscopically devected
“inside the damaged transistors. -

| The ‘oharnel is the result of loovalized heating phenomena, due - in ¢ <rd=
" ‘ance with the author’s observations - to the non-uniform base wid i -
the tramsistor. .. . - : SRR TEEE

- With a transistor base width comsiderably reduced at a certain . -,
current density will rise locally owing to an increase in role dernsl (7.
The elevated current density results in a growth of temperature at the
corresponding emitter and collector points, respectively. The overheating
of the emitter points givesrise to the increase -0of the, hole density in
the minimum-base-width region. Thus the gradient of hole density is Ffurthe
inocreased, resulting in an even higher current density. It 1s obvious that
this process is regemerative, involving a thermal feedbaok loop.

The effeots described are of importance especially during the & . .- T
times, because & considerable momentary power is dissipated dur.u .
transition period in the transistor. If the transistor is drive..

current generator, the emitter current is concentrated tovard ti. .. of
minimum base width. If no provisions are made to limit the colle

current, an alloying process starts, and in the minimum-wicath bas. ' n
a p~type channel develops, resulting in a lasting collector-emitter snort.

A mathematical snalysis has been carried out in terms of a unldimensioned
model. It was ‘assumed that base width of the transistor is reduced con-
siderably but at one spot. In one concrete case the temperature hes been
determined numeriocally in a minimum-width base region as a funct: - of

¢ time. The minimum base width was assumed to be 1/5 of the nomina’ 0o -
width. The computations have shown, that only a few,usecs are neec- J
reach a temperature of more hundred centigrades in the minimum widthL base
refion. - Sevts .
To characterize the transistors from the point of view of thermal stabilit
the ratiom of equivalent base wildth gwhich may be computed from the cutofi

frequency of the common-~base-connected transistor} to minimum bs - width
wase introduced. The minimum base width may be determined by me:. c.r -
the punch-through and avalanche-breakdown voltage.

The value, charaoteristic for the non-uniformity of transistor ase width

may be expressed as follows: We
- =
a4 Wm A9

(. ' : :
{M %we = equivalent base width, W, = minimum base widthﬁl

Transista s of the same type, having different q -factors, have been
operated in pulse circuits and the case temperature has been measured.
'As a result of increasing the average power across the transistor, the
... case vemperature has been successively elevated. In each case the
" gemperature has been determined, at which thermal instability of the
transistor took pktace. The transistor was preserved from damage 17 means
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; Some tranSistors showed & behaviour similar to that of gaseous discharge

tubes. They. possessed f) = 4.2, i.e. 8n extremely high non-u if
- base- width. 47 _ ’ ‘ } y g n-uniformity of

The results of the measurements are shown in the figure.

‘Subsequent’ to' the ‘pulse’ examinationg a1l the transistors have bee

s been placed
~In thermostats and heated up to 85 80. ‘Do 'voltages, equal to thoge Breson'
e #n-in. pulse operation duringé "off" condition, have been applied to .the:. ' .
.| pe-terminals of the transistors. The transistars run .without. exception at
-.3nr this static. Operating;point for a long time stably at 85 °C.iv .

‘Phe examihations ‘reported Were carried o o - 4
'v transistors, P o ut n alloy-type, junetion

",;'“\\"\','-yn"‘lx‘: oA e Ly e [T

Conclusiong =~ ©foworwyolme Doan fpagn nn I i A -

mnnabuneyt Dene o '
_ . The faatar11 which oan be measured without damagin the, transistor see.
~“to be 'an important characteristic of transistor,reiiability. The. "myggagr

ous" causes of transistor’ “failure, heretofore inexplicable, may be under-
stood Qapart from surfa.ge phenomena, 79%‘?51& of the above considerations,
A more ﬁetailed description ‘of the results wii; be; published 1n the s
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